This paper describes transformation of intact conidia of Aspergillus nidulans, auxotrophic for arginine, by using the biolistic process. The plasmid employed was pFB39, carrying the argB gene. The transformation frequency obtained was 81 transformants/pg of DNA. Classical genetics and molecular analysis were conducted to analyse transformants and to determine in which chromosome integration took place.
Introduction
Development of efficient technologies for introducing and expressing foreign genes in cells are imperative for basic studies of gene regulation and practical utilisation of transfected organisms. Over the last years, the biolistic technology has been extensively utilised to introduce and express desirable traits in microbial, plant and animal cells [l-5] . In filamentous fungi particle bombardment has been The filamentous fungus Aspergillus nidulans is particularly suited for the study of events involved in gene expression and regulation, due to the existence and extensive characterisation of both sexual and parasexual cycles [9, 10] . Although protoplasts isolated from A. nidulans mycelium have been transformed by PEG-DNA uptake, their multinucleate condition can lead to the undesirable formation of heterokaryons.
In this report, we demonstrate the utilisation of biolistics, as a simple and efficient process to achieve transformation of conidia of A.
nidulans. The successful recovery of stable transformants was demonstrated by classical and molecular genetic approaches.
2. Materials and methods
Plasmid and Aspergillus strains
Strain yA2;argBl;nicB8 (yellow conidiospores, arginine and nicotinic acid requirements) was used as recipient in transformation experiments. Strain biAl;methGl (biotin and methionine requirements) was used in genetic crosses. The plasmid pFB 39, used for transformation, was kindly provided by Dr. C. Scazzocchio. It is a pUC8-based plasmid carrying the argB gene from A. nidulans encoding ornithine carbamoyl transferase. The plasmid pUC8 was used as probe.
Growth medium
The minimal medium (MM) used for A. nidulans was as described by Pontecorvo et al. [9] . MM contained per litre of deionized water: 10 g glucose, 6.0 g NaNO,, 0.5 g KCl, 0.5 g MgSO,, 7H,O, 1.5 g KI-I,PO, and 1 mg each of FeSO,, ZnCl, and CuSO,. Before autoclaving, the pH was adjusted to 6.8 with NaOH. If appropriate, MM was solidified with 1.5% Difco agar.
Preparation of cells and microprojectiles for bombardment, and biolistic transformation protocol
Approximately 5.5 X 10' conidia of the yA2; argBl;nicB8 A. nidulans strain were placed on Petri dishes containing minimal medium [9] supplemented with 10 PM nicotinic acid and 1.0 M sorbitol. The cells were slowly dried onto the surface of the medium before bombardment.
The preparation of microparticles was conducted essentially as previously described [5] . Basically, tungsten microparticles (0.5 pg average diameter, M5, Sylvania Inc.) were coated with the plasmid DNA pFB39 by mixing sequentially into an Eppendorf tube: 50 ~1 microparticles (60 mg ml-' stock solution in 50% glycerol), 5 ~1 of DNA (1.0 pg ~1~'), 50 ~1 CaCl, (2.5 M), 20 ~1 spermidine free-base (0.1 M). After a 10 min incubation, the DNA-coated microparticles were centrifuged at 15 000 X g and the supernatant was removed. The pellet was washed with 150 ~1 of 70% ethanol and with 100% absolute ethanol, respectively. The final pellet was re-suspended in 24 ~1 of absolute ethanol and sonicated for 2 s, and used immediately. Aliquots of 3 ~1 of this sample were spread onto the carrier membrane (Kapton, 2 mil, DuPont) and allowed to evaporate in a dessicator, under 30% relative humidity for 10 min. Each carrier membrane contained 0.5 mg microparticles and 0.8 pg plasmid DNA. The relative humidity in the biolistic lab was 50%, the gap distance from the shock wave generator and the carrier membrane was 1 cm, the carrier membrane flying distance to the stopping screen was 13 mm and the vacuum in the chamber was 27 inches of Hg in all experiments. The Petri dishes containing the conidia were positioned 80 mm below the DNA-coated microparticles launch position, and bombarded using pressures of 1300 psi. Immediately after the bombardment, the plates were incubated at 37°C for 2-3 days. The frequency of transformation was based on six replicates.
Sexual crosses
Sexual crosses between transformed and biA1; methG1 strains were set up on minimal medium using standard techniques [9] . The progeny derived from selfed and hybrid cleistothecia was analysed for the proportions of the argB+ and argB-phenotypes by plating in MM supplemented with 10 mM arginine, 10 PM nicotinic acid, 0.4 mM methionine and 20 PM biotin and also in the same medium free of arginine.
Isolation and manipulation of DNA
DNA was extracted from mycelia of transformed and non-transformed strains by the method of Raeder and Broda [ll] . The strains were grown in shaken culture for 24 h at 37°C in MM containing nicotinic acid with or without arginine (10 mM).
Standard procedures for restriction endonuclease digestion, agarose gel electrophoresis and Southern blotting were carried out as described by Sambrook et al. [12] . Approximately 3 pg of total genomic DNA was electrophoresed in each track. a! 32 P-dCTP probes of plasmid pUC8 were prepared by random priming (Biolabs random priming kit). Hybridization was performed according to the manufacturer's instruction. Nylon filters were exposed to a Kodak film at -70°C.
Eletrophoretic karyotype
The electrophoretic karyotypes of transformed and non-transformed strains were analysed with contour-clamped homogeneous electric field (CHEF) electrophoresis according to Brody and Carbon [13] , slightly modified. lo9 conidia were inoculated in 100 ml of MM containing nicotinic acid and supplemented or not with arginine. The culture was incubated at 37°C for 15 h with vigorous shaking. Mycelial cells were harvested by filtration and rinsed briefly with 0.6 M KCl. The mycelia (800 mg> were suspended in 20 ml of a enzymatic solution containing 5% Novozym 234 (Novo Industri, A/S) and 5% Cellulase RlO Onozuka prepared in 0.6 M KCl. The cells were made into protoplasts by incubation for l-2 h at 30°C with gentle swirling. The suspension was centrifuged at 160 X g for 30 s and then filtered through glass wool. The protoplasts were then pelleted at 250 g for 10 min and washed twice with 10 ml of 0.6 M KCl. The pellet was re-suspended in 0.6 M KC1 such that the concentration of protoplasts was 4 X lOa per ml. The suspension was then incubated at 42°C. An equal volume of 1.4% agarose (Sigma A4018), prepared in 0.6 M KC1 and precooled was added. The agarose-protoplast mixture was poured into a plug mold (2 X 10 X 20 mm> and solidified on ice for 10 min. The agarose plugs were immersed in NDS buffer (0.5 M EDTA, pH 8.0, 10 mM Tris-HCl, pH 7.5, 1% sodium N-lauroylsarcosinate) containing proteinase K (1 mg ml-') at 50°C for 24 h. The plugs were then washed three times in 50 mM EDTA (pH 8.0). Quarters of the agarose plugs were inserted into the gel (0.8% agarose Sigma A2929, 0.5 X TBE) wells and sealed with agarose. Gel was electrophoresed at 11°C in 0.5 X TBE at 48 V with three pulse intervals of 50, 45 and 37 min at 73, 18 and 73 h, respectively. The gel was stained in ethidium bromide. Southern blotting and hybridization procedures were performed as described previously.
Results and discussion
It was demonstrated that conidia of A. nidulans can be efficiently transformed using the biolistic process. Transformants were recovered at a frequency of 81 &-48 pg-' DNA, or 10d6 expressed as the number of transformants over the total number of conidia on the bombarded plate. This value represents an original and preliminary result on transformation of A. nidulans conidia by the biolistic process. Several physical and biological variables such as the microprojectile's size, and osmotic composition of the medium and cell density, were described to modulate the efficiency of the process in plants and microorganisms [6, 8] and could be assayed to improve the method used in this work. Six percent of transformants showed immediate vigorous growth while 94% showed reduced initial growth. Among the large colonies, one was selected for classical and molecular analysis. To demonstrate the association of the argB+ phenotype with transforming DNA, undigested and digested genomic DNA of transformed and non-transformed strains were analysed (Fig. 1) . The DNA from the transformant hybridized to labelled pUC8, whereas the DNA of the recipient strain showed no hybridization with the vector. With undigested DNA hybridization occurred only with high molecular mass DNA, suggesting that transformation took place through integration of plasmid DNA into the genome. Total DNA of the transformed strain digested with BumHI showed a single band hybridized to the plasmid probe.
This transformant was meiotically and mitotically stable. When conidia were subcultured on non-selective media, no loss of the a@+ phenotype was observed after four successive transfers. To study meiotic stability, two selfed cleistothecia were analysed and over 400 segregants were screened. All segregants were of the argB+ phenotype.
Plasmids can integrate into genome at both homologous and heterologous sites. Timberlake [ 141 defines homologous sites as those with known identity between plasmid and genomic DNA sequences. In some cases, transformation of a mutant strain leads to no detectable changes in the genome due to the replacement of mutant allele by the wild-type without plasmid integration. This situation presumably arises from simple gene conversion or double crossover events. It was not the case in the present study, as shown by Southern blotting (Fig. 1) . Sim- ple homologous recombination events involving plasmid DNA and the genome will lead to formation of directly repeated sequences separated by plasmid DNA sequences. The transformants with heterologous integration have no sequence modifications in the vicinity of the resident allele. The plasmid vector integrates elsewhere in the genome and the site of integration varies from one transformant to another. This is attributed to a single crossover between the plasmid and various non-homologous chromosome sites.
If the copy of the gene derived from the transformation event is stable through meiosis, homologous and heterologous integration can be distinguished by classical genetic methods. When an argB+ gene is integrated in a position unlinked to the normal site of the gene in chromosome III, one would predict that, in crosses to the wild-type, around 25% of the progeny should be argB_. On the other hand, if the argB+ gene integrates tightly linked with the resident argB locus, 100% argB+ progeny would be expected. A sexual cross involving the transformant and the biAl;methGl strain was carried out and 234 segregants were analysed. All the segregants were argB+ in phenotype, suggesting that the plasmid integration occurred at or very near to the resident argB locus in the chromosome III. The high meiotic stability of this transformant is unusual since transformants resulting from homologous integration are frequently unstable through the sexual cycle [14] .
Pulsed-field gel electrophoresis technology has been used to resolve the genomes of several organisms into defined chromosomal bands. A. nidulans possesses a haploid complement of eight genetic linkage groups. Using contour-clamped homogeneous electric field (CHEF) electrophoresis Brody and Carbon [13] resolved the genome of A. niduluns into six chromosomal bands, with two bands migrating as doublets. In order of decreasing size the chromosomes are: VIII (5.0 Mb), VII (4.5 Mb), II (4.2 Mb), I and V (3.8 Mb), III and VI (3.5 Mb), and IV (2.9 Mb). Intact chromosomal DNA from transformed and non-transformed strains is shown in Fig.  2a . Hybridization analysis using labelled pUC8 probes assigned the transforming sequences to the 3.5 Mb double band (Fig. 2b) 
